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Introduction
 Whey, a valuable by-product of cheese manu-
facture, is the liquid fraction drained from the curd. 
Recently, the biological properties of individual 
whey constituents, such as a-lactalbumin (a-La) 
and b-lactoglobulin (b-Lg), lactoperoxidase (LP), 
lactoferrin (LF), glycomacropeptide (GMP) and im-
munoglobulins (IgGs), have become a focus of com-
mercial interest as potential ingredients of so-called 
functional or health-promoting foods.
 They are known to be involved in antioxidant 
activity, anticarcinogenic effects, immunomodula-
tion, passive immunity, anti-microbial effects, bind-
ing of toxins, promotion of cell growth, platelet bind-
ing, anti-inflammatory and anti-hypertensive actions 
Summary
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bumin and b-lactoglobulin. The increased interest in separation and fractionation of whey 
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membrane filtration technology, which provides exciting new opportunities for large-scale 
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 Enthusiasm for seeking benefits from diet and 
nutritional supplements that help maintain physical 
well being due to active lifestyles, makes people fa-
miliar with whey proteins and amino acid supple-
ments. Recent studies demonstrate directly that 
whey proteins and their constituent amino acids ef-
ficiently promote protein synthesis (Ha and Zem-
el, 2003). 
 Processing of cheese whey was the first suc-
cessful commercial application with several research 
initiatives underway to find uses of whey-waste. 
Since whey disposal is costly and problematic for 
cheese manufacturers; the focus is on techniques to 
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convert this waste product into valuable functional 
components (Pouliot, 2008). 
 Filtration is the separation of two or more com-
ponents from a fluid stream. The filtration mem-
brane can be described as an interphase that acts as 
a selective barrier, allowing the flow of certain mo-
lecular and ionic components and retaining others 
present in a liquid or vapour mixture. In membrane 
separation, a similar technique to traditional filtra-
tion, particles are separated on the basis of their 
molecular size and shape with the use of pressure 
and specially-designed semi-permeable membranes. 
The most common membrane processes are ultra-
filtration (UF), microfiltration (MF), reverse os-
mosis (hyperfiltration) (RO/HF), pervaporation, 
nanofiltration (NF), electrodialysis (ED) (Zeman 
and Zydney, 1996; Brans et al., 2004; Rektor and 
Vatai, 2004; Saxena et al., 2009). 
 The rapid developments in membrane filtra-
tion techniques in the 1970’s provided new possi-
bilities for whey proteins manufacture. Since then, 
whey protein concentrates (WPC) and isolates 
(WPI) with various properties have been produced 
as food ingredients (Van Reis and Zydney, 2007). 
The current research and development efforts in 
membrane processes are directed towards improve-
ments in membrane modules and systems to meet 
the requirements of food industry with accordance 
to health benefits (Saboya and Maubois, 2000; 
Baruah et al., 2005; Yorgun et al., 2008; Saufi 
and Fee, 2009). The objective of the current paper 
is to focus on membrane techniques used in produc-
tion of functional whey components. 
Membrane process applications in dairy industry 
 The commercial membrane applications in the 
dairy industry can be classified into four main areas, 
i) alternatives to some unit operations (i.e. centrifu-
gation, evaporation, debacterization and deminerali-
zation), ii) resolving separation issues (i.e. defatting 
of whey, protein recovery and separation, milk fat 
globule fractionation and spore removal), iii) creat-
ing new dairy products (i.e. UF cheeses, whey-based 
beverages and textured milk products, functional 
whey components), and iv) improvement of cheese 
yield and product consistency (Atkinson, 2003). 
 Every 100 kg of milk used in cheese manufac-
ture results in 10-20 kg of cheese and 80-90 kg of 
whey. Whey consists of 0.6 % protein, 0.1 % fat, 
5.0 % lactose, 0.003 % casein, 0.18 % non-protein 
nitrogen (NPN), 0.6 % ash and 6.03 % total solids 
(Kosikowski and Mistry, 1997). The major pro-
teins present in whey include a-lactalbumin, b-lac-
toglobulin, immunoglobulin, bovine serum albumin, 
and glycomacropeptide. Minor, but commercially 
important proteins are lactoferrin and lactoperoxi-
dase (Doultani et al., 2004). Even though indi-
vidual components of whey (proteins and lactose) 
have known applications, whey itself is difficult to 
dispose of or utilize, due to its unfavorable lactose-
to-protein ratio and high biological oxygen demand 
of 30 000-50 000 ppm (Kinsella and Whitehead, 
1989; Smith, 2001).
 Whey processing is one of the most successful 
industrial membrane applications. For reasons of 
simplicity, urgency and the economics of disposal 
problem solution, UF of whey was the first applica-
tion of membrane fractionation to reach a full com-
mercial scale. The membranes used should be high 
yielding, resistant to physical, chemical and micro-
biological agents, unaffected by cleaning and disin-
fection materials (Yorgun et al., 2008; Bhushan 
and Etzel, 2009; Cuartas-Uribe et al., 2009). Fig-
ure 1 shows a general scheme of possible membrane 
applications in whey treatment (Cheryan, 1998). 
 There are two kinds of whey: sweet whey (re-
sulting from cheeses that are produced by addition 
of rennet, and thus the pH is 5.8-6.6) and acid whey 
(which results from cheeses made by acidification, 
with a pH of <5.0) (Zadow, 1994). The latter gen-
erally has twice the amount of calcium phosphate 
and more lactic acid. Calcium phosphate is more 
soluble at low pH and low temperature. Thus the 
operating conditions for membrane filtration, such 
as temperature and pH, should be selected with ac-
cordance to the behavior of calcium salts, in addi-
tion to considerations of viscosity, protein denatura-
tion and microbial growth (Pacheco et al., 2002; 
Tolkach and Kulozik, 2005).
 Applications of membranes in whey process-
ing include a) concentration of whey 3 folds (24 
%) with RO and NF prior to evaporation and dry-
ing, b) manufacture of WPI (90 %), c) production 
of WPC (35- 80 % protein), d) converting the lac-
tose to higher-value products by fermentation (e.g., 
ethanol or lactic acid) or by enzyme hydrolysis in 
continuous membrane reactors, e) fractionation of 
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whey to value-added nutraceuticals, f) MF of whey 
as a pre-treatment for UF, and g) concentration and 
demineralization of whey and UF permeate with NF 
(Cheryan, 1998; Atra et al., 2005).
 Even though it is not commonly applied for 
whey fractionation and purification, pervaporation 
is a membrane process used to separate liquid mix-
tures. In pervaporation process, the feed liquid con-
tacts one side of a membrane, that selectively permits 
flow of one of the feed components. The permeate, 
enriched with this component, is removed as a vapor 
from the other side of the membrane. The driving 
force for the process is the difference in vapor pres-
sure between the feed liquid and the permeate va-
pour (Baker et al., 1997). Ion-exchange process is 
used for general fractionation of particules by liquid 
chromatographic techniques, and when combined 
with commercial membrane systems a high-purifi-
cation of whey proteins can be achieved. In the most 
commonly used ion-exchange process, the whey is 
acidified to the point that most of the proteins have 
a net positive charge. The positively-charged pro-
teins bind to the resin, allowing everything else to 
pass through. After the unbound materials (mostly 
fat and lactose) are washed out of the resin bed, the 
pH is increased to release the bound proteins, which 
are then ultrafiltered (Chiu and Etzel, 1997; Ger-
berdingand and Byers, 1998; Greiter et al., 
2002). 
 By UF, liquid whey is simultaneously fraction-
ated, purified, and concentrated to whey protein 
concentrate (WPC). UF is driven by a pressure gra-
dient, using 275.9 kPa and temperatures of 50-60 °C 
with polysulfone membranes with a membrane pore 
size between 10-1-10-2 mm. There are four primary 
configurations of UF membrane modules: tubular, 
hollow-fiber (HF), spiral-wound and flat plate. Each 
configuration has their inherent strengths and weak-
nesses, and varies in their industrial and commercial 
applications. Choosing the right module configura-
tion is important to the overall effectiveness of the 
UF process (Cheryan, 1998; Zydney, 1998).
 WPCs produced by UF have a protein content 
ranging from 34 to less than 90 %. When the protein 
concentration exceeds 90 % the product is known as 
whey protein isolate (WPI). To increase the protein 
concentration, a modification of the process, known 
as diafiltration, can be employed to further decrease 
the lactose and mineral content. As the lactose con-
tent is decreased, the WPCs can be used to enrich 
the protein content of a food without increasing the 
browning associated with lactose. The high-protein 
WPCs also become more acceptable to the large 
numbers of people who cannot effectively digest lac-
tose in their diet (DaCosta et al., 1993; Bhushan 
and Etzel, 2009).  
 The major application of MF in whey processing 
is as a pretreatment for UF, and designates a process 
similar to UF but with even larger membrane pore-
size allowing particles in the range of 0.2-2 mm to 
pass through (Zeman and Zydney, 1996). Whey 
usually contains small quantities of fat and casein, 
and since centrifugal separation does not completely 
remove them, MF is used to reduce fat-to-protein 
Fig. 1: Membrane applications used in whey processing (Cheryan, 1998) 
Slika 1: Primjena membranskih procesa u preradi sirutke (Cheryan, 1998.)
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ratios to 0.001-0.003 (Saboya and Maubois, 2000; 
Baruah et al., 2005; Nelson and Barbano, 2005). 
In addition, some of the precipitated salts may be re-
moved by MF, and there is a considerable reduction 
in microbial load (Van der Horst and Hanemaar-
jer, 1990; Maubois, 1997). 
 Another pressure-driven membrane process is 
reverse osmosis (RO) in which membrane pore size 
is very small allowing only small amounts of very low 
molecular weight solutes to pass through (Del Re et 
al., 1998; Balannec et al., 2002). The degree of RO 
concentration depends on prevailing energy costs: 
if it is to be used as a pre-concentrator, it is pro-
bably best to do a 2-folds concentration by RO to 
12 % total solids (TS), and the rest (12-45 % TS) by 
evaporation. The limiting factors in RO are osmotic 
pressure, viscosity and solubility of the lactose and 
calcium salts present in whey, which may precipitate 
out especially if temperature and pH are not regu-
lated (Cheryan and Alvarez, 1995). 
 There are currently three ways to obtain dem-
ineralization of whey: electrodialysis, ion-exchange 
and nanofiltration. Electrodialysis (ED) could be an 
attractive alternative for demineralization of milk 
products and whey to be used in infant formulas 
and special dietary products instead of NF. Since 
the demineralization rate and efficiency, as well as 
costs, depend on the conductivity of the solutions, 
whey is usually concentrated prior to electrodialysis. 
This also reduces the processing volume. However, 
electrodialysis cannot complete a 100 % deminerali-
zation because of the rapid increase in resistance as 
the ions are being depleted. It appears that the best 
option is to use ED to obtain 50-70 % demineraliza-
tion, followed by ion-exchange up to the required 
amount (Cheryan and Alvarez, 1995). Due to 
the high salt content of whey, ion-exchange is oper-
ated for short time, with frequent regeneration of 
the resin, which involves large amounts of regenera-
tion chemicals and water to rinse excess chemicals 
from the weak anion resin. Substances with molar 
masses higher than 300 g mol-1 and multivalent ions 
are (partially) retained by NF membranes. With NF, 
small molecules, such as NaCl, are removed along 
with water whereas other material, such as lactose, 
proteins and fat are retained, making it suitable for 
desalting whey instead of electrodialysis or ion-ex-
change (Rosenberg, 1995).
Manufacture and use of functional whey  
components
 Membrane processes have been successfully 
implemented at large commercial scale in the dairy 
industry (Rosenberg, 1995; Zydney, 1998). The 
WPC recovered by UF have created a whole new 
commodity market where they are used as ingre-
dients in a variety of formulated products, such as 
dairy, bakery, meat, beverage and infant formula 
products, due to the excellent functional properties 
of their proteins. Moreover, WPC production repre-
sents the best means for the utilization of whey pro-
teins (Madureira et al., 2007; Smithers, 2008; 
Chicón et al., 2009). From a functional and nutri-
tional point of view, both MF and ion-exchange are 
able to result in high-purity WPI. At equivalent pro-
tein contents, microfiltered WPI tends to be lower 
in fat content, while ion-exchange WPI tends to be 
lower in lactose, which designates the “nutritional” 
or “nutraceutical” value (Li et al., 2005).  
 Most of the studies have focused on the prepa-
ration of enriched a-La and/or b-Lg fractions, since 
these two proteins account for more than two-thirds 
of the total whey proteins (Amundson et al., 1982; 
Cheang and Zydney, 2003). b-Lg, isolated by 
combining membrane separation with ion-exchange, 
shows excellent gel formation and foaming proper-
ties, and can be used as a texturizing and stabilizing 
agent because of its capability in structuring dairy 
product matrices such as yoghurt or cream cheese 
(Saufi and Fee, 2009). Purified a-La by a two-step 
process of UF followed by precipitation, results in 
a decreased content of contaminants (bovine se-
rum albumin, immunoglobulins) down to zero and 
enhanced a-La/b-Lg ratio, and can be used to re-
place ingredients, such as soy protein, egg whites, 
or gelling agents, to provide high gel strength, vis-
cosity, aeration, water binding, and high solubility 
in infant formulas and meat products (Jost et al., 
1999; Muller et al., 2003). Isolation of IgGs from 
whey using UF and immobilized metal affinity chro-
matography showed higher recovery and purity than 
UF with ion-exchange chromatography (Fukumoto 
et al., 1994). As having multiple biological proper-
ties including antimicrobial, anti-inflammatory, anti-
carcinogenic, immuno-modulatory, and bone growth 
factor properties (Wong et al., 1997; Uchida et al., 
2005) lactoferrin isolation and purification is anoth-
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er challenge in implementation of membrane sepa-
rations in whey utilization. LF extraction from skim 
milk or whey by cation-exchange chromatography 
LF isolates of high purity (>90 % protein), which 
are nowadays commercially available. However, this 
process has some limitations at industrial scale due 
to high cost and relatively low throughputs. Among 
different strategies that have been investigated, elec-
trically-enhanced UF or cross-flow MF could rep-
resent an interesting alternative to chromatography 
(Brisson et al., 2007; Lu et al., 2007). 
Conclusion
 Membrane technology has been commercially 
integrated in dairy industry for more than fourty 
years, and the fascinating new applications are ex-
pected in the next decade. The cheese industry was 
one of the first to explore the possibilities of using 
membrane-concentrated milk for cheese quality im-
provement. Technological advances related to the 
development of new membranes, improvements in 
process engineering and better understanding of the 
functionality of milk constituents have extended the 
range of membrane separation applications in dairy 
industry. Provided some solid evidence of func-
tionality of individual whey components a sustain-
able market can be expected, however, keeping in 
mind that using membrane separation often means 
compromising between selectivity and productivity. 
Therefore, challenging developments in membrane 
processes should focus on efficient fractionation of 
minor whey components of desired biological and 
nutraceutical properties.  
Membranski procesi u proizvodnji 
funkcionalnih sastojaka sirutke
Sažetak
 Posljednjih godina sirutka je prepoznata kao 
značajan izvor nutritivnih i funkcionalnih sastojaka 
u prehrambenoj industriji. Komercijalni sirutkini 
proizvodi uključuju različite tipove sirutke u pra-
hu, koncentrate proteina sirutke i izolate, te frak-
cionirane proteine, kao što su a-laktalbumin and 
b-laktoglobulin. Povećani interes u separaciji i frakci-
naciji proteina sirutke dolazi iz različitosti njihovih 
funkcionalnih, bioloških i nutritivnih svojstava. Zbog 
zabrinutosti radi ekoloških aspekata, istraživači su se 
fokusirali na tehnologiju membranske separacije, što 
osigurava nove mogućnosti za široki raspon separaci-
je proteina i laktoze. Membranska separacija je pro-
ces u kojem se čestice odvajaju prema molekularnoj 
veličini. Tipovi membranskih procesa su ultrafiltra-
cija, mikrofiltracija, reverzna osmoza, elektrodijaliza 
i nanofiltracija. Veća pročišćenost sirutkinih proteina 
moguća je kombiniranjem membranske separaci-
je s ionskom izmjenom. Ovaj rad prikazuje pregled 
mogućih kombinacija membranske separacije u pre-
radi sirutke i proizvodnji funkcionalnih sastojaka koji 
potječu iz sirutke.
	 Ključne	 riječi: sirutka, membranski procesi, 
funkcionalni spojevi
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